Models beyond the Standard Model with extra scalars are highly motivated by the recent discovery of scalar Higgs boson. The Two Higgs Doublet Model Type III considers the most general case for the scalar potential, allowing mixing between neutral CP-even and CP-odd scalar fields. In the present work, we study the decay t → cγ at one loop level where neutral flavor changing is generated by top-charm-Higgs coupling giving by the Yukawa term. We obtain Br(t → cγ) of the order of 10 −6 for tan β = 2.5 and general neutral Higgs mixing parameters 1.16 ≤ α1 ≤ 1.5, −0.48 ≤ α2 ≤ −0.1. Finally, 700 events are estimated for the decay t → cγ in pp collisions at LHC by assuming an integrated luminosity of 300 fb −1 .
for tan β = 2.5 and general neutral Higgs mixing parameters 1.16 ≤ α1 ≤ 1.5, −0.48 ≤ α2 ≤ −0.1. Finally, 700 events are estimated for the decay t → cγ in pp collisions at LHC by assuming an integrated luminosity of 300 fb −1 . The current observation in Large Hadron Collider (LHC) of the scalar like Higgs boson with a mass of 126 GeV [1, 2] motivates to explore extended models with more scalar multiplets. The mass hierarchy between the up and down quarks suggests to consider Two Higgs Doublet Models (THDM). There are two models, type I and type II, with Z 2 discrete symmetry for the THDM [3] . In the first case one doublet gives mass to all quarks [4, 5] meanwhile the type II [6, 7] one doublet gives mass to up sector and the other doublet gives mass to the down sector.
A general THDM has been considered without Z 2 discrete symmetry which generates flavor changing neutral currents and CP violation in the Higgs potential [8] [9] [10] [11] . The THDM has 5 scalar fields. In CP violating case there is a mixing between the CP-even and CP-odd neutral scalar fields given by the three angles α 1 , α 2 , α 3 [12] . The other two are the charged scalar fields H ± . The recent measurements of the LHC implies that the 126 GeV scalar field is not CP-odd [13] . One motivation to look for new sources of CP violation beyond the SM is the matter antimatter problem [14] and fermion electric dipole moments [15] . This flavor changing Yukawa terms are motivated to study Flavor Changing Neutral Current (FCNC) processes which are extremely suppressed in the Standard Model (SM). For instance in the SM Br(t → q + x) ≈ 10 −17 − 10 −12 with q = c, u and x = γ Z g, H [16] [17] [18] [19] [20] [21] . The LHC excludes the regions for Br(t → cγ) bigger than 5.9 × 10 −3 [22] . This collider would expect to observe branching ratios of the order of 10 −6 to 10 −5 for the t → cγ decay [22] . In Ref. [23] considers different model beyond SM that can improve the Br(t → cγ). They estimated the Br (t → cγ) ∼ 10 −8 for a charged Higgs mass of the order of 200 GeV and for small values of β, tan β = 0.1. A detailed study in the framework of THDM-III with flavor changing neutral currents shows more feasible values for Br (t → cγ) which are in the range of 10 −12 to 10 −7 with the masses of scalars between 200 GeV and 800 GeV [24] . For the different THDM types the Br (t → cγ) has been enhanced for specific regions of scalar masses and mixing parameters [19, 26, 27] . In general, THDM can enhance the Br (t → cγ) by driving tan β properly, for instance Br (t → cγ) ∼ 1 × 10 −6 for 8 ≤ tan β ≤ 15 [28] . In various extensions of the SM such as MSSM, Left-Right symmetry Models, top color assisted technicolor model and little Higgs, etc. the rare top decay has been studied [23] [24] [25] . Also, the rare top decay in a model with two Higgs doublets and four generations of quarks has been studied by [21] . Introducting new particle into the loop these Flavor Changing decays can be enhanced [29] .
In the present work, we calculate the branching ratio for the decay t → cγ in the framework of the general THDM with flavor-changing scalar currents including CP violation in the scalar sector [30] .
Given Φ 1 and Φ 2 two complex SU (2) L doublet scalar fields with hypercharge-one, the most general gauge invariant and renormalizable Higgs scalar potential is [31] 
where
where v 1 and v 2 are real and non-negative, 0 ≤ |ξ| ≤ π, and
In Eq. (2), the phase of v 1 is eliminated by using a global U (1) Y hypercharge rotation. In Equation (3), the complex phase can be removed by redefining the complex parameters µ 12 , λ 5 , λ 6 , λ 7 . Thus, the CP violation is explicit in the scalar potential. The neutral components of the scalar Higgs fields in the interaction basis can be written as
, where a = 1, 2. We define η 3 = −χ 1 sin β + χ 2 cos β which is orthogonal to the Goldstone boson of the Z boson. As a result of the explicit CP symmetry breaking, a 3 × 3 mixing matrix R for fields η 1,2,3 is generated. This matrix relates the mass eigenstates h i with the η i fields as follows
where R can be written down as:
and
. The neutral Higgs bosons h i satisfy the mass relation m h1 ≤ m h2 ≤ m h3 [32, 33] . For the THDM with CP conserving in scalar sector the CP-even η 1 and η 2 are mixed in a 2 × 2 matrix while CP-odd η 3 is not mixed. Due to the CP symmetry breaking, in the Higgs sector the fields h 1,2,3 do not have well defined the CP states. For the Yukawa interactions between fermions and scalar fields, the most general structure is
are the 3 × 3 Yukawa matrices. The q L and l L denote the left handed fermion doublets under SU (2) L meanwhile u R , d R , l R correspond to the right handed singlets. The zero superscript in fermion fields stands for the interaction basis. After getting a correct spontaneous symmetry breaking by using (2) and (3), the mass matrices become
L,R matrices are used to diagonalize the fermion mass matrices and relate the physical and weak states.
In order to study the rare top decay we are interested in up-type quark fields. By using equations (4), the interactions between neutral Higgs bosons and fermions can be written in the form of the THDM with additional contributions which arise from Yukawa couplings Y 2 and contain Flavor Changing (FC). From now on, we will omit the subscript 2 in Yukawa couplings to simplify the notation. Therefore, the interactions between quarks and Higgs bosons in mass eigenstates are explicitly written as
The fermion spinors are denoted as (u 1 , u 2 , u 3 ) = (u, c, t). In Eq. (9) i, j = 1, 2, 3 denote the family generations while k = 1, 2, 3 denotes the neutral Higgs bosons. The CP conserving case is obtained if only two neutral Higgs bosons are mixed with well-defined CP states, for instance α 2 = α 3 = 0 is the usual limit. The contributions at one loop from Higgs bosons to the rare top decay are shown in Fig. 1 . We are interested in the contributions of the Flavor Changing Neutral Scalar Interactions (FCNSI) to the rare top decay t → cγ which come from previous Yukawa lagrangian, Eq. (9). If we apply the method used in [21] then the partial width of the decay t → cγ in THDM, using Eq. (9), is
at electroweak scale and the functions f 1,2 are defined as
with m i = m hi /m t . The charged Higgs contribution is negligible because it is suppressed by the mass of the bottom quark running into the loop compared with that comes the neutral Higgs which is weighted by the mass of the top quark in the loop. The branching ratio can be written as
where Γ top ≈ 1.6 GeV [22] . The expression of Eq. (11) contains free parameters of the THDM, such as the masses of neutral Higgs bosons, the mixing angles α i , β and Yukawa couplings. Now, we review the possible constraints that b → sγ decay can impose to the factor Y tc . Following references [34] , the branching ratio of the b → sγ decay given in terms of the Wilson coefficients can be written as: . The charged-Higgs contribution is given by,
(x) and it can be found in [34] . The Higgs charged contribution coming from the FC Yukawa term is given by
By using the hierarchical of the Kobayashi-Maskawa matrix (K) we have the following approximations (
We are considering that (KY d ) tb gives the most important contribution in order to have a bound to the Y u tc FC Yukawa coefficient. The limits on the decay B → X s γ come from the BaBar and Belle B-factories and CLEO [35] . The current world average for E > 1.6 GeV given by HFAG is
We will see that this result provides an important constraint on (Y First we will discuss the free parameters involved in the process. The Yukawa couplings in the THDM-III are responsible for the FCNSI as shown in expression (9) . We take into account the Ansatz proposed by Cheng and Sher for the Yukawa couplings with FCNSI [8] . This Ansatz assumes a specific structure for the Yukawa matrix given by
For the masses of neutral scalar h i we set the mass of the lightest Higgs boson h 1 equal to the value of the mass of the observed scalar reported by ATLAS and CMS, m h1 ≈ 126 GeV [1, 2] . The masses of the h 2 and h 3 are fixed as 300 GeV and 600 GeV, respectively. If neutral scalar fields have greater values of masses, then their contribution to the Br (t → cγ) will be negligible. Therefore, the set of the free parameters in the partial width (11) is reduced only to the mixing angles {α 1 , α 2 , α 3 , β}. In order to analyze the branching ratio for rare top decay t → cγ we consider allowed regions for the mixing parameters α 1 and α 2 . The numerical results show that under above assumptions the branching ratio (14) does not have significant contributions from α 3 mixing parameter. Then, we just focus in the α 1,2 parameters and tan β. The considered regions for α 1 and α 2 are studied in previous work by the authors [36] . These allowed regions for the α 1,2 parameter space are obtained by experimental and theoretical constrains in the framework of the 2HDM type II with CP violation for fixed tan β and the mass of the charged Higgs bosons m H ± [33] . One can obtain the following regions for α 1 and α 2 from 0.5 ≤ R γγ ≤ 2 with m H ± = 300 GeV and tan β = 2.5 [32, 33] : 
The figures 3 and 4 show the behavior of the branching ratio t → cγ as function of α 1 and α 2 in the allowed regions R 1 and R 2 with tan β = 2.5, respectively. We note that in this model the contribution for the branching ratio is larger than SM prediction [37] . In the year 2021, LHC is expected to reach an integrate luminosity of the order of 300 fb −1 . Experiments with this luminosity could find evidence of new physics beyond SM. Then, Run 3 in LHC could observe events for the flavor changing neutral processes which can be explained naively as Br(pp →bW cγ) ≈ σ(pp → tt)Br(t →bW )Br(t → cγ). We can estimate the number of events using the integrated luminosity of 300 fb −1 and σ(pp → tt) ≈ 176 pb, [22] , with the predicted branching ratio for t → cγ in the THDM. Under these assumptions, the Fig. 5 shows the number of possible events for t → cγ as function of α 1 in the allowed regions R 1,2 with tan β = 2.5 and different values for α 2 . We see that for the neutral scalar mixing parameters α 1 ≈ 0 and α 2 ≈ 0.23 with tan β = 2.5 the number of events in LHC is the order of N = 700.
From LHC data, the upper bound for Br(t → cγ) is 5.9 × 10 −3 [22] . In Fig. 6 we have the allowed regions, below the curves, for the Br(t → cγ) according with the LHC exclusion and the THDM predictions. If we fix the branching ratio to the value of the experimental upper bound, then the lower bound for the tan β is 12 for α 1 ≈ 0 and α 2 ≈ −0.25, see Fig. 6 .
As conclusion, the SM predicted value for the Br(t → cγ) which is far from LHC sensitivity. The expected sensitivity to reach the branching ratio of t → cγ decay is 10 −6 . If the t → cγ decay is measured in LHC this means an important evidence of physics beyond SM. The THDM type III predict flavor changing at tree level in the Yukawa sector which can be used to enhance the t → cγ process. This Yukawa FC couplings (Y tc ) can be parametrized using the Cheng-Sher ansatz. The R γγ diphoton Higgs decay constrains the mixing angles α 1 , α 2 of the CP-even and CP-odd neutral Higgs bosons. With the allowed regions for the α 1 , α 2 and tan β ≃ 2.5 the THDM predicts 10 −6 for the branching ratio of t → cγ. The general THDM, with an integrated luminosity of 300 fb −1 , predicts up to N = 700 events for t → cγ decay with α 1 ≈ 0, α 2 ≈ −0.25 and tan β = 2.5.
